To date, various cellular functions have been reconstituted in vitro such as self-replication systems using DNA, RNA, and proteins. The next important challenges include the reconstitution of the interactive networks of self-replicating species and investigating how such interactions generate complex ecological behaviors observed in nature. Here, we synthesized a simple replication system composed of two self-replicating host and parasitic RNA species. We found that the parasitic RNA eradicates the host RNA under bulk conditions; however, when the system is compartmentalized, a continuous oscillation pattern in the population dynamics of the two RNAs emerges. The oscillation pattern changed as replication proceeded mainly owing to the evolution of the host RNA. These results demonstrate that a cell-like compartment plays an important role in host-parasite ecological dynamics and suggest that the origin of the host-parasite coevolution might date back to the very early stages of the evolution of life.
To date, various cellular functions have been reconstituted in vitro such as self-replication systems using DNA, RNA, and proteins. The next important challenges include the reconstitution of the interactive networks of self-replicating species and investigating how such interactions generate complex ecological behaviors observed in nature. Here, we synthesized a simple replication system composed of two self-replicating host and parasitic RNA species. We found that the parasitic RNA eradicates the host RNA under bulk conditions; however, when the system is compartmentalized, a continuous oscillation pattern in the population dynamics of the two RNAs emerges. The oscillation pattern changed as replication proceeded mainly owing to the evolution of the host RNA. These results demonstrate that a cell-like compartment plays an important role in host-parasite ecological dynamics and suggest that the origin of the host-parasite coevolution might date back to the very early stages of the evolution of life.
parasite | oscillation | compartment | RNA replication | evolution V arious functions of living organisms have been reconstituted in vitro from biological molecules to understand the basic principles underlying complex biological phenomena observed in the cell or in nature (1, 2) . Several types of continuous systems of self-replication of genetic information have been constituted in vitro from RNA alone (3) (4) (5) (6) , and from the combinations of RNA and proteins (7) or of DNA, RNA, and proteins (8) . One of the next important challenges is the reconstitution of interacting networks of self-replicating species, including the investigation of how such interactions generate complex ecological behaviors such as those observed in nature.
Organisms in the wild self-reproduce and interact with each other to form ecosystems. Such interaction generates complex ecological behaviors such as the oscillation dynamics observed in prey-predator or host-parasite populations (9) (10) (11) (12) . The causes and results of such periodic patterning have been a focus of intensive debate for decades (13) (14) (15) (16) (17) . Such interactions and the resultant coevolution of the interacting species are thought to be an important factor explaining the high degree of extant biodiversity and complexity (16, 18) . However, to date, the in vitro reconstitution of such ecological behavior has been limited; one example is of prey-predator oscillation dynamics constructed using a combination of small hybridizing DNA fragments and several enzymes, although the DNA fragment did not evolve in this system (19) .
Previously, we had constructed a simple translation-coupled RNA replication system in which an artificial genomic RNA replicated through translation of the self-encoded RNA replicase and evolved (7) . This system consists of a reconstituted translation system of Escherichia coli and an RNA encoding the RNA replicase (Qβ replicase), which is composed of the catalytic β-subunit and the translational factors, EF-Tu and EF-Ts. We found that parasitic RNAs, which had lost their replicase encoding region, spontaneously appeared in this system at a high genome concentration. The parasitic RNA appears possibly through recombination of the host RNA based on the facts that the appearance of the parasitic RNA depends on the presence of the host RNA (20) and that RNAs spontaneously recombine in a nonhomologous manner (21) . Once such parasitic RNAs appeared, the host RNA replication was completely inhibited because of the much higher replication rate of the parasitic RNA. Therefore, in our previous long replication experiment we had to manually adjust the genome concentration as low as possible to avoid the appearance of parasitic RNAs.
In this study, we attempted to continuously repeat the replication process of the host and parasitic RNAs under bulk conditions by serial transfer methods and to examine the effect thereon of compartmentalization of the system. Theoretically, compartmentalization is predicted to be a factor important for allowing stable replication in the presence of parasitic or selfish replicators (22) (23) (24) , although this has not yet been experimentally verified. Furthermore, we examined the population dynamics of the host and parasitic RNAs.
Results RNA Replication System. The RNA replication system used in this study consisted of a single-stranded genomic RNA encoding the catalytic subunit of the RNA replicase Qβ (host RNA), a small, single-stranded RNA that lacked the coding region for the replicase (parasitic RNA), and a reconstituted E. coli translation system (25) (Fig. 1A) . In this system, the host RNA replicates using the host-generated Qβ replicase, whereas the parasitic RNA lacking the replicase coding region also replicates by relying on the replicase translated from the host RNA. Although the sequences of parasitic RNAs vary, they are usually ∼220 nt in length and show a high degree of similarity to a previously reported small RNA template for the Qβ replicase, s222 (26) . Owing to its small size, the parasitic RNA usually replicates much faster than the larger host RNA (∼2,000 nt). Therefore, once such
Significance
We reconstituted a simple in vitro molecular ecosystem using two self-replicating RNA molecules. The host RNA species produces an RNA-dependent RNA polymerase for their replication, and the parasitic RNA relies on the same enzyme for its replication as well. We found that only when compartmentalized into microscale droplets did the ecosystem show a typical host-parasite oscillatory dynamics. Furthermore, after a long cultivation, the ecosystem evolved to allow the coexistence of the two species. These results demonstrate that cell-size compartmentalization is essential for the ecological dynamics and evolution of host and parasite species.
parasitic RNAs appear, they replicate much faster than the host RNA and competitively inhibit the host replication.
Single-Round Replications Using Various Host and Parasitic RNA Concentrations. Before the transfer of the host and parasitic RNAs, we first performed single-round replication assays (i.e., replication for 5 h at 37°C and fivefold dilution) at various host and parasitic RNA concentrations to examine possible host-parasite dynamics. The reaction was performed in a bulk test tube and in water-in-oil droplets of 1.0-μm radius (Fig. S1 ). The initial and the final concentrations are indicated by the tails and heads of arrows, respectively, in Fig. 1B . Under bulk and compartmentalized conditions both the host and parasitic RNA concentrations increased in the orange highlighted regions and decreased (in most of the cases) in the blue highlighted regions. However, a clear difference between the bulk and compartmentalized conditions was observed in the green highlighted regions, in which the expression of both types of RNAs was constant or decreased under the bulk condition whereas the host RNA selectively increased under the compartmentalized condition. These trajectories were further confirmed by computer simulation using a simplified mathematical model and relevant parameters (Fig. S2A) . The possible trajectories of the host and parasitic RNA populations in the transfer experiments were predicted by following the arrows; both the host and parasitic RNA populations were expected to become extinguished under the bulk condition, whereas they were expected to continue replicating and exhibit circulating dynamics under the compartmentalized condition.
The difference between the bulk and compartmentalized conditions in the green highlighted regions can be explained as follows: The translated replicase concentration was expected to be of the same order as the host RNA concentration according to the associated translation rate (7) . Therefore, the replicase concentration under the bulk condition was less than 10 −2 nM, much lower than the K m value (∼0.5-5 nM) (7); thus, it would be stochastically difficult for the replicases to associate with the RNAs (Fig. 1C, Left, iv) . In contrast, under the compartmentalized condition (Fig. 1C, Right, iv) , the effective concentration of the translated replicase in the compartments (1-μm radius) containing a host RNA was about 0.4 nM, which is sufficiently high for the replication of the host RNA. In addition, the host RNA in the green highlighted region has sufficient chance to be encapsulated in a parasite-free compartment and can thus replicate selectively. For example, at the middle point of the green highlighted region (0.001 nM host and 0.1 nM parasite), the expected number of host and parasitic RNAs in the compartment are 0.0025 and 0.25, respectively. At these concentrations, the possibility that a host RNA is encapsulated in a parasite-free compartment is 0.78 according to Poisson distribution.
Serial Transfer Experiments. We attempted to repeat replication of the host and parasitic RNAs by serial transfer methods under bulk and compartmentalized conditions. Under both conditions, we started the reaction with 1 nM of the host RNA and performed replication for 5 h at 37°C. An aliquot of the solution was diluted fivefold with a new solution containing the translation system. The mixture was then incubated for 5 h at 37°C for the next round of replication. We performed the transfer experiment for 19 rounds (total incubation time of 95 h) and measured the host and parasitic RNA concentrations every hour ( Fig. 2A) . Under both the bulk and compartmentalized conditions, the parasitic RNA appeared after 5-10 h of incubation and then significantly amplified to a concentration ∼100 times greater than that of the host RNA. With dilution, the host and parasitic RNA concentrations declined continuously 
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Bulk Compartment 15-45 h in the bulk and compartment conditions, respectively). Under the bulk condition, the concentrations of both types of RNAs continued to decrease until they were undetectable; these RNAs could not be recovered even after an additional five rounds (25 h). In contrast, under the compartmentalized condition, the concentrations of both RNA types increased again after 45 h of total incubation. The increase continued until 70 h and then the concentrations decreased again. To compare this result with the prediction made via the single-round reaction assay, we overlaid the trajectories of the host and parasitic RNA concentrations onto Fig. 1B (Fig. 2B) . The results were consistent with the arrows obtained in the single-round experiments, and the oscillation dynamics were consistent with those obtained during simulation with the mathematical model ( Fig. S2 B and C) . Thus, these results indicated that compartments are necessary to generate the oscillation dynamics of the host and parasitic RNAs.
Changes of the Oscillation Pattern. We then repeated the transfer experiments for another 24 rounds (an additional total incubation time of 120 h) under the compartmentalized condition and found that the oscillation dynamics gradually changed (Fig. 3A) . For example, the host RNA concentration, which had always been lower than that of the parasitic RNA during the incubation period ranging from 10 to 90 h, was higher at 105, 150, and 200 h. In addition, the host RNA concentrations at the valleys of the oscillation dynamics changed; the concentrations were ∼10 −3 nM at the first (45 h) and second (85 h) minima but increased ∼100-fold or 1,000-fold at the third (135 h) and fourth (190 h) minima, respectively. The mapping of these changes on the host-parasite plane showed that the center of rotation had moved to the right and upwards after 95 h (Fig. 3B) . These results suggested that the host RNA acquired the ability to replicate in the presence of increased concentrations of parasitic RNA.
The RNA concentrations of the host and parasitic RNAs were measured by indirect methods such as quantitative PCR, which depend on exponential signal amplification, and therefore these data have a relatively large degree of uncertainty. To verify the oscillation dynamics of RNA concentrations, we performed polyacrylamide gel electrophoresis and RNA staining to directly detect the host and parasitic RNAs. In the high-concentration regions for both the host and parasitic RNAs, we observed bands of both the host and parasitic RNAs, confirming the oscillation pattern of both RNA concentrations (Figs. S3 and S4 ). However, we sometimes also observed a band corresponding to the parasitic RNA even though the quantified parasite concentration was low (e.g., at 105 h), indicating that the quantification method for the parasitic RNA might be underestimating the actual parasitic RNA concentrations.
Sequence Analysis. The changes in the oscillation pattern might be caused by evolution of the host and/or parasitic RNAs because in this system mutations were spontaneously introduced through replication errors, and the more highly replicable RNA could dominate the population according to the principles of Darwinian evolution (7) . Therefore, to analyze the RNA sequences, we obtained 5-12 clones of the host RNA at 65, 120, 155, 170, 195, and 215 h and performed phylogenic analysis using the resulting sequences (Fig. 3C) . From this, the host RNA sequences were classified into four clusters (H1-4) and the host RNA population moved back and forth among these clusters in the course of the transfer experiment. The original host RNA and all clones at 65 h belonged to the H1 cluster. The host RNA population then moved to cluster H2 at 120 h and at 155 h moved back to the H3 cluster, which is closer to the original H1 cluster. At 195 h, a major fraction of the population moved evolutionarily forward again to cluster H4, which exists beyond the H2 cluster. These movements were caused by the transient fixation of some mutations (Table S1 ). For example, some mutations (e.g., A116G and A1603G) that had been fixed at 120 h disappeared at 155-170 h but reappeared after 195 h. These results indicated that the evolutionary process of the host RNA was not unidirectional as had been observed in our previous study (7) performed in the absence of parasitic RNAs, but seemed to be bidirectional, which might be caused by the coexistence of the parasite that changed the environment for evolution of the host RNA. To further verify the mutation frequencies, we performed large-scale sequencing with a next-generation sequencer (Illumina Miseq) and obtained similar results in the frequencies of all of the fixed mutations at 120 h (Fig. S5A ) and 215 h (Fig. S5B) .
In contrast, we obtained relatively fewer clones (one to eight) at 65, 120, 170, and 215 h for the parasitic RNA. This lower cloning efficiency of parasitic RNA could be due to the strong RNA secondary structures. The sequences of one clone at 65 h and three clones at 120 h were the same as that of s222 (Table S2 ) and formed the cluster P1 in the phylogenic tree (Fig. 3C) . At 155 h, eight clones commonly acquired four mutations and formed a different cluster (cluster P2), but at 215 h two of three clones had returned to the original cluster P1. These data suggest that the dominant sequences of the parasitic RNA population also continually changed, but it should be noted that the sequence results of parasitic RNA might contain larger uncertainty than that of the host RNA because of small sample number.
Biochemical Analysis. The changes in the population dynamics ( Fig. 3 A and B) suggested that the host RNA acquired the ability to replicate in the presence of excess parasitic RNAs. To confirm this suggestion, we performed a competition experiment between the host and parasite RNAs. We used the original host RNA and one of the host clones obtained at 215 h (evolved host RNA) as the host RNAs and s222 as the parasitic RNA. We mixed 10 nM of the original or evolved host RNA with the parasitic RNA in 100-fold excess and incubated the mixture in the translation system. When using the original host RNA, the parasitic RNA predominantly amplified and the host RNA replication was repressed ( Fig. 4A, Left) . When using the evolved host RNA, both the host and parasitic RNAs replicated to almost the same amount (Fig. 4A, Right) , indicating that the replication of the evolved host RNA had acquired resistance against the presence of the parasitic RNA. We identified two possible causes of the parasite resistance: improved activity of the evolved host RNA as a replication template or increased specificity of the replicase encoded by the evolved host RNA. To examine these possibilities, we purified the replicase encoded in the evolved host RNA (evolved replicase) and performed competition experiments using the purified replicase instead of the internally translated replicase. The evolved replicase had acquired four nonsynonymous mutations (K208E, M300T, L448R, and Q459R) compared with the original replicase used in this study. We mixed the original or evolved replicase (10 nM) with the original or evolved host RNA (100 nM) and the parasitic RNA (100 nM) in a translation system in which tyrosine and cysteine had been omitted to inhibit internal replicase translation and incubated the mixture at 37°C for 5 h. When using the original replicase, the parasitic RNA predominantly replicated when using either the original or evolved host RNAs (Fig. 4B,  Left) . In contrast, when using the evolved replicase, the host RNAs replicated to a certain amount, but the parasitic RNA was below the detection limit regardless of whether the original or evolved host RNA had been used (Fig. 4B, Right) . These results demonstrated that the parasite resistance of the evolved host RNA can be mostly attributed to a functional change of the replicase encoded by the evolved host RNA.
To quantitatively evaluate the evolution of the replicase, we measured the kinetic parameters of replication and translation. We first measured the translation rate of the replicase generated from the original and evolved host RNAs (Fig. S6) . The translation rate of the evolved host RNA was 0.26 proteins per min, which was not significantly changed from that of the original host RNA at 0.35 proteins per min. We next measured the kinetic parameters of replication using cognitive pairs of host and replicase (i.e., the original host and original replicase or the evolved host and evolved replicase). The k cat /K m values of the evolved pair was 1/74-fold lower than that of the original pair (Table 1) , which was attributed to 1/2.3-fold lower k cat and 3.2-fold higher K m in the evolved pair. We then measured the kinetic parameters of parasitic RNA replication using the original parasite (s222) and the original or evolved replicases. The k cat /K m values of the evolved replicase was 1/2,100-fold lower than that of the original replicase, which was attributed to the 1/91-fold lower k cat and 23-fold higher K m values with the evolved replicase. In summary, the activity of host replication decreased to a certain extent, but that of parasitic RNA replication decreased even more, resulting in parasite resistance.
Discussion
In this study we demonstrated that the parasitic RNAs that spontaneously appear in the translation-coupled replication system collapse host RNA replication under the bulk condition, whereas when the system is compartmentalized the two types of RNA coreplicate continuously and exhibit oscillating population dynamics. These results indicate that a cell-like compartment is important for continuous host-parasite coreplication and for ecological oscillation in the case that the hosts and parasites competitively use the same replicase and the parasites replicate faster than the hosts. The appearance of parasitic or selfish replicators have been considered as large hurdles for the development of primitive life forms into more complex forms (22, 23, 27, 28) , and theoretically compartmentalization might represent a possible solution (22) (23) (24) . To the best of our knowledge, this study is the first to experimentally demonstrate that a replication system can stably function in the presence of parasitic species under a compartmentalized condition. In addition, the low concentrations of both the host and parasitic RNAs in the "green regime" in Fig. 1 are similar to the origin-of-life scenario in ancient earth. Compartmentalization that allows reamplification of the host and parasite from such low concentrations might have played an important role in the accumulation of genetic molecules in the prebiotic world. Furthermore, we observed that the continuous replication of this simple host-parasite replication system allows the evolution of both RNA species, suggesting that the origin of the host-parasite coevolution might date back to the very early stages of the evolution of life.
The evolution of the host RNA observed in this study is different from that observed in our previous study (7), which was performed under different selection pressure. In the previous evolution, we attempted to circumvent the appearance of the parasitic RNA by adjusting the initial host RNA concentrations as low as possible in every round. In that method, a host RNA that replicated most rapidly in the absence of parasitic RNA should be selected. As expected, the final evolved host RNA acquired the ability to rapidly replicate by increasing the k cat values (k rep_plus and k rep_minus ) two-to threefold through improving its function as a replication template. In this study, we performed replication of the host RNA in the presence of the parasitic RNA. Under this condition, the host RNA that could selectively replicate even among excess parasitic RNA should be selected. Accordingly, the final evolved host RNA acquired a replicase that selectively replicated the host RNA at the expense of a modest reduction of the k cat/ K m value. Accumulating evidence has suggested that the existence of parasites is not only an obstacle for host replicators but also plays an important role in host evolution by maintaining the genetic diversity of the host species (16, 18) . In this study, we found that the evolution of the host RNA in the presence of parasitic RNA was bidirectional (Fig. 3C ), which contrasted with the unidirectional evolution that occurred in the absence of parasites in our previous study (7) . The existence of the parasitic RNA might increase the diversity of the host RNA by increasing the number of possible evolutionary pathways. In addition, the existence of parasites is proposed as one of the driving forces of host evolution in the Red Queen hypothesis (29) , in which the evolution of host species becomes accelerated by rapidly evolving parasitic species through an evolutionary arms race. In this study, we found that the host RNA acquired a certain level of parasite resistance, and thereby the parasitic RNA replicated at a lower concentration than the host RNA in the last few rounds (200-215 h, Fig. 3A) . It remains to be determined whether the parasitic RNA might evolve to be replicable again by the evolved replicase after further rounds of replication. Overall, this host-parasite replication system might be a useful experimental model to investigate host and parasite coevolution processes in detail.
Materials and Methods
Materials. For this study, we used the reconstituted translation system of E. coli [PURE System (25) ], the composition of which is customized for RNA replication (7) . This system contains all of the components required for translation and RNA replication including ribosomes, amino acids, tRNAs, and NTPs. The original and evolved replicases encoded in the original and evolved host RNAs, respectively, were purified according to the previous study (30) .
RNA Preparation.
As the original host RNA we used a clone from round 128 in our previous study (30) . As the evolved host RNA we used a clone taken at 215 h of incubation in this study. The whole sequences of these host RNAs are shown in SI Materials and Methods. As the parasitic RNA for the competition experiments, we used s222 RNA, a commonly appearing parasitic RNA (20) . The host and parasitic RNAs were prepared by in vitro transcription using T7 RNA polymerase and the template plasmids pUC-N96(+) for the original host RNA, pUC-Bansho-R43-8 for the evolved host RNA, and pUC-s222A for the parasitic RNA after digestion with SmaI and were purified with an RNeasy column (Qiagen).
Transfer Experiments. We initiated the transfer experiments using the original host RNA (1 nM) and no parasitic RNA in the translation system. For the singleround assay shown in Fig. 1B , we used the indicated concentrations of the original host and parasitic RNAs. Under the bulk condition, the reaction mixture (10 μL) was incubated at 37°C for 5 h and one-fifth (2 μL) of the solution was transferred to 8 μL of the reconstituted translation system. The mixture was then incubated at 37°C for 5 h for the next round of replication. Under the compartmentalized condition, the reaction mixture (10 μL) was vigorously mixed with the buffer-saturated oil phase (1 mL) prepared according to the previous study (7) using a homogenizer (POLYTRON PT-1300D; KINEMATICA) with a plastic disposable shaft at 16,000 rpm for 1 min on ice. The size distribution of the water droplets is shown in Fig. S1 . The emulsion was incubated at 37°C for 5 h and one-fifth (200 μL) of the emulsion was transferred to a new emulsion (800 μL) prepared with the translation system (8 μL) as a water phase by the same method as described above. The added emulsion was then mixed with the homogenizer at 16,000 rpm for 1 min on ice to completely mix the contents of the water droplets and incubated at 37°C for 5 h for the next round of replication. At each hour during the incubation, aliquots were collected and the host and parasitic RNA concentrations were measured after 10,000-fold dilution for the bulk condition or 100-fold dilution for the compartmentalized condition with 1 mM EDTA (pH 8.0).
Measurement of Host and Parasitic RNA Concentrations. To determine the host RNA concentration, the RNA samples diluted with 1 mM EDTA were heated at 95°C for 5 min and subjected to quantitative PCR after reverse transcription using the PrimeScript One Step RT-PCR Kit (TaKaRa) and primers 5′ GCTGC-CTAAACAGCTGCAAC 3′ and 5′ CGCTCTTGGTCCCTTGTATG 3′. The host RNA concentration was determined using the original host RNA as a standard.
To determine the parasitic RNA concentration, we performed exponential amplification of the parasitic RNA and compared the amplification curve with those of a series of dilution gradients of the known initial parasitic s222 RNAs. This method is principally the same as quantitative PCR except that RNA replicase was used instead of DNA polymerase. The RNA samples (2 μL) diluted with 1 mM EDTA were mixed into 18 μL of a reaction mix containing 1 μM wild-type Qβ RNA replicase (30), 125 mM Tris·HCl (pH 7.5), 10 mM MgCl, 1.25 mM each NTP, 0.01% BSA, 0.4× ROX (Roche), 1× SYBR Green II (Takara), and 0.5% Triton X-100 (Sigma). The mixture was incubated at 30°C and the fluorescence of the amplified RNA was measured every 15 s for 30 min. Note that although this method also amplifies the host RNA, the much smaller parasitic RNA is preferentially detected because this experiment was performed with an excess amount of replicase and thus the RNAs replicate exponentially at rates correlated with the RNA size (26) .
Sequence Analysis. The host RNA was reverse-transcribed using PrimeScript reverse transcriptase (Takara) and a reverse-transcription (RT) primer (5′ CCGGAAGGGGGGGACGAGG 3′) and then PCR-amplified using the RT primer and a PCR primer (5′ GGGTCACCTCGCGCAGC 3′). The PCR products were subjected to agarose gel electrophoresis and the bands corresponding to the host or parasitic RNA were extracted. The extracted DNA fragment was ligated into a plasmid as described (7) . The parasitic RNA was first purified by 8% polyacrylamide gel electrophoresis followed by excision and extraction using QIAEX II (Qiagen). The purified parasitic RNA was ligated to a plasmid in the same method as the host RNA. For the large-scale sequencing, the host PCR products before gel extraction was subjected to large-scale sequencing with Illumina Miseq. The analysis procedure was the same as reported previously (31) . The minimum read number was 1,400 for all mutational sites.
Competition Experiments. For the translation-coupled replication competition experiments (Fig. 4A) , the original or evolved host RNAs (10 nM) were mixed with the parasitic s222 RNA (1,000 nM) in a translation system containing [ 32 P]UTP under the bulk condition. After incubation at 37°C for the indicated time, the mixtures were subjected to 8% polyacrylamide gel electrophoresis and the synthesized host and parasitic RNA concentrations were measured by autoradiography as described previously (7) . In the competition experiments with purified replicases (Fig. 4B) , the original or evolved host RNAs (100 nM) To calculate k cat , we assumed that the purified replicases were all active. The raw data are shown in Figs. S6 and S7. SEs are shown in parentheses.
were mixed with one the s222 parasitic RNA (100 nM) in a translation system containing the original or evolved purified replicase (10 nM) and [ 32 P]UTP but lacking cysteine and tyrosine under the bulk condition. After incubation at 37°C for 5 h, the host or parasitic RNA concentrations were measured by autoradiography as described above.
Polyacrylamide Gel Electrophoresis. The water phases were collected from the emulsion samples during the transfer experiments and RNAs were purified with a spin column (PureLink; Life technologies). The purified RNA samples were subjected to 8% polyacrylamide gel electrophoresis with 0.1% SDS in TBE buffer (pH 8.4) containing Tris(hydroxymethyl)aminomethane (100 mM), boric acid (90 mM), and EDTA (1 mM), followed by staining with SYBR Green II (Takara).
Simulation. The method used for simulating the host and parasite replication is described in SI Materials and Methods.
